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ABSTRACT 


This study provides a content analysis of selected articles in the field of QR code 
and its application in educational context that were published in journals and 
proceedings of international conferences and workshops from 2006 to 2011. 
These articles were cross analysed by published years, journal, and research 
topics. Further analysis was carried out according to research settings, 
participants, research design types, research methods and findings. It was found 
from analysis that QR code technology cover a wide range of applications such 
as augmented reality game, science education, student assignment submission, 
library catalogue system, communication tools in large classroom environment, 
system for learning language, collaborative mapping and knowledge 
management environment, multimedia access tools, assessment tools and so 
forth. Although the technology covers a wide range of applications, the reported 
effectiveness of QR technology was not conclusive as most of the data were self- 
reported such as from questionnaire survey. Most of the studies involved short 
term research which would not be sufficient to address the complexity of 
technology integration in educational settings. Hence, it is suggested that future 
studies should consider offering more reliable and richer findings through 
longitudinal study and providing inter-observer and intra-observer agreement 
reliability. 
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INTRODUCTION 

QR Code (abbreviated from Quick Response Code) is a multifaceted two dimensional graphical description of 
data. Its capability has gone beyond the traditional linear barcode (which is mainly used to automate supermarket 
checkout systems and as automatic identification and data capturing tag) due to its large storage capacity and fast 
readability. A long piece of multilingual scaffolding text, URL of a linguistic mastering website, a direct link to Moodle 
or Schoology, an automated SMS message to a formative assessment application, a direct access to students' science 
electronic portfolio, or even an augmented reality object can be amalgamated into the small 2D matrix barcode. 
Affiliated with a sufficiently equipped mobile phone or any handheld devices, QR code is able to power a speedy and 
ready connection between learners, instructors and digital content available. 

Although QR code has existed for almost two decades, there was still a lack of research on of its usage in 
educational setting. However, the interest to integrate this technology in education is rising due to the rapid 
advancement in mobile and wireless technology, and low technical barrier to encode and decode. These provisions 
enable educators to explore its potential creatively. In this paper, the authors explored the usage of QR code in 
educational context. The investigative journey was guided by the following questions: 
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1. How was QR code being used in educational settings? 

2. What types of research methods have been applied using QR codes? 

3. What data collection methods were employed in the research? 

4. What research topics have been investigated on QR code in education settings? And what were their findings? 


BACKGROUND 


QR CODES 


QR Code was invented by Denso Wave Incorporation (a Toyota subsidiary) in 1994. It is one of the most 
popular types of two-dimensional barcodes (Furht, 2011). which was designed to allow its contents to be decoded at 
high speed (Denso-Wave, 2011). The code consists of black modules (or coloured) arranged in a square pattern on a 
white background (or coloured). The information encoded can be text, URL, SMS, email, vCard, video, spread sheet, 
among many others. Initially QR code was confined to industrial uses; it has gained more attention in the commercial 
world and even in education lately due to the dissemination of smartphones. The recent diffusion of this technology 
over a broad range of applications is attributed to its features as follows. 

(a) The patent right owned by Denso Wave is not exercised; 

(b) QR Code specification is disclosed to the public by the company; 

(c) QR Code is capable of handling several hundred times more information than conventional linear 

barcode; 

(d) QR Code can be read even if distorted; 

(e) QR Code has high (up to 30%) correction capability against dirt and damage; 

(f) QR Code enables a linking functionality which is possible for a QR code to be represented by up to 16 QR 
codes at maximum; 

(g) Information can be easily encrypted in a QR code to provide confidentiality; 

(h) QR Code can handle various languages. 

QR CODES IN EDUCATION 

The study of QR code in education can be considered as a subset of mobile learning (m-learning). Resent 
research in m-learning seems to indicate that digital contents, concurrently associated with authentic learning 
environment, tends to enhance learners' interest (Liu, Li, & Carlsson, 2010), motivation (Liaw, Hatala, & Huang, 2010), 
and achievement Hwang, Kuo, Yin, & Chuang, 2010). Despite its potential, m-learning is self-confined by usability 
factors of the mobile handheld devices in use such as limited screen size, text input and editing functionality. Limited 
screen size has been a stimulating condition for learners to perform even the most basic internet navigation tasks 
(Jones, Buchanan, & Thimbleby, 2003), and educational related tasks (Luchini, Quintana, & Soloway, 2004). Inter alia, 
the situation is aggravated by limited input and editing functionalities of these devices (Metcalf & Rogers, 2010). 
Clayton (2010) stated in the abstract, the limited input functionalities of mobile devices means accessing stored 
information, digital content and support services is often an unfriendly user experience ultimately affecting the uptake 
of mobile-technologies in educational institutions. In view of these reasons, OR code is considered as promising 
technology to offer speedy and ready access to multimedia learning resources, information, and services (Elena, 
2009). The use of QR codes in education still in its infancy, some typical examples, among many others, is provided as 
follow. 

(a) Review of embedded information directly (Shaof, Poliak, & Schneider, 2004); 


(b) Access website resources from QR codes printed on posters, flyers, and handbook (Chaisatien, & Akahori, 

2007); 
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(c) A QR code associated with library catalogue (Bath, 2010); 

(d) Assignment submission sheets with printed QR code (Bath, 2010); 

(e) Spontaneously generated of a QR code to the bottom of Moodle print-outs (Bath, 2010). 

SIGNIFICANCE OF THIS REVIEW 

This paper is expected to be able to facilitate researchers and practitioners in identifying the current research 
topics, research methodologies, data collection methods and usage of QR code in education settings. Moreover, it 
suggests potential directions for future research as well as some guidelines of the nature of future research. 

METHOD 

SOURCES OF DATA 

The searches for empirically based articles were carried out in two stages. In the first stage, the authors 
examined articles found in electronic databases using keywords including QR code, 2D barcode, and education. The 
electronic databases used were Academic Search Premier, ERIC, ProQuest, Web of Science, PsycARTICLES and Google 
Scholar. In the subsequent stage, further searches on journal articles, as well as articles presented in conferences 
which were cited in the articles found in the first stage were conducted. 

As of 10 April 2012, the serach yielded a total of 36 articles. Out of 36 articles found, 17 were identified for the 
current review. The rest of the articles were excluded because they were found to be non-empirical (opinion papers, 
conceptual articles, literature review) or unrelated to the subject of the use of QR code in education. Nonetheless, 
they were used as 'background' references whenever appropriate. 

DATA ANALYSIS 

The basic unit of analysis for the current review was the individual empirical articles identified from the sources 
of data. Creswell's guideline was adopted where summary of major research topics, weaknesses in current research, 
direction for future study related to the subject were expected to be drawn from the current review (Creswell, 1994). 

To answer the first research question, "How was QR code being used in educational settings?", Wing Sum, 
Cheung, and Hew (2009) outline was used to initiate the analysis and coding. Initially, the guideline consisted of 5 
categories namely multimedia access (MA), Connectivity (Con), capture (Cap), representation (Rep), analytical (Ana), 
two more categories were added by Cheung and Hew (2009), which were assessment and task management. 

To address the subsequent research questions, "What types of research methods, have been applied by using 
QR code?"; "What data collection methods were used in the research?", "What research topics have been conducted 
and what were their major findings?", the guidelines by Shih, Feng, and Tsai (2008) and Cheung and Hew (2009) were 
used to guide the analysis and coding. For types of research methods, three major types were put forward: descriptive 
research, experimental research, and developmental research; in terms of data collection, five types of data collection 
methods were laid down: test or quiz, questionnaire or survey, interview, observation, and content analysis; with 
regard to research topics, seven topics were addressed: usage profile, viability as an assessment tool, learning 
outcomes, motivation, instructional approach, cognitive psychology characteristics, and learning environment. 

RESULTS AND FINDINGS 

USES OF QR CODE IN EDUCATIONAL SETTINGS 

Multimedia access tools 

This refer to the use of QR code as a ready and speedy link to multimedia resources including text, audio file, 
video clips, web page, databases (Churchill & Churchill, 2008). For instance, users of Pediaphon in Bischoff (2007) 
were distributed 2D barcodes embedded with URL to a specific audio file generated from the well-known Wikipedia. 
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Connectivity tools 

This account for the use of QR code as a convenient way to connect and exchange ideas, ask questions, get in 
touch with potential clients, engage in discussions (Shih, Feng, & Tsai (2008). In this study, 3G mobile phone was used 
to scan a QR code and users were redirected to a URL which fetched an asynchronous communication page on the 
web. 


Capture tools 

Capture capability enables users to take photos, videos, and audio clips (Churchill & Churchill, 2008). By using 
QR code, the captured media can be shared directly with the intended audience conveniently. In players of SciMyst 
were required to capture the tag attached to a specific object found as an evidence of solving an enigma (Sedano, 
Laine, Vinni, & Sutinen, 2007). 

Representational tools 

This affordance refers to the ability to create representations of knowledge and ideas such as concept map by 
using mobile handheld devices. The current review revealed that there was a lack of study in this area. However, 
typical example was given in Dieterle and Dede (2006). 

Analytical tools 

This applies to the use of some application in a mobile handheld device to manipulate data or variables 
(Churchill & Churchill, 2008). The current review found no study in this area. Nevertheless, an example could be found 
in Hennessy (1999). 

Assessment Tools 

This can be taken as the usage of handhelds to answer examination questions, tests, quizzes and assessment 
questions (Cheung & Hew, 2009). By using QR code, users can be resolved to the web page that contains the targeted 
test items directly. In Susono and Shimomura (2006), QR code was used to answer classroom assessment questions. 

Task management tools 

This connects with the employment of QR code to trigger the personal information managers which store and 
organise a user's address book, contact information, calendar, task list and so forth. In the current paper, none of the 
articles identified geared into this direction. A typical example for this usage can be found in Yamamoto and Akahori 
(2006). 


Analysis revealed that the two most frequent uses of QR code in educational settings were as multimedia 
access tools (57.7%) and as communication tools (17.9%) and three areas were not explored in the setting of this 
review (QR code as enabler of representation tools, analytical tools, and task management tools) (See Tab. 1 and Fig. 
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Table 1 . Uses of QR code 

Uses of QR code 

Percentage of Usage 

Count 

Multimedia access 

57.7% 

15 

Connectivity 

15.4% 

4 

Capture 

11.5% 

3 

Representation 

0.0% 

0 

Analytical 

0.0% 

0 

Assessment 

15.4% 

4 

Task Management 

0.0% 

0 
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Percentage of Usage 



Percentage of Usage 


Figure 1 . Uses of QR code 

TYPES OF RESEARCH METHODS 


In addressing the second research question, three methods were put forward, experimental, descriptive and 
developmental research. 

Experimental Research 

This type of research involved treatment group, control group, testing hypotheses or theory and the 
employment of random sampling (Ozcelik & Acarturk, 2011). We identified three experimental studies in the current 
review. 


Descriptive Research 

Descriptive research describe state of affairs using surveys, ethnography, and so forth (Fraenkel & Wallen, 
2006). This type of research is typically naturalistic and depicts conditions as they exist in a particular setting (Ross & 
Morrison, 1997). The authors found a total of 10 studies dealing with this method. 

Developmental research 

This type of research usually looked into the analysis, design, development, implementation and evaluation 
process of an educational intervention based on certain theoretical framework (Richey & Nelson, 1996). The 
development of technology-enhanced learning system is one of the examples of this research method. Developmental 
research usually involves an iterative cyclical processes of design, enactment, analysis, evaluation and redesign 
(Collins, 1992). In the current review, five developmental research studies were found. However, almost all studies 
reviewed in this paper incorporated certain elements of developmental research but only the studies which reported 
the complete process as mentioned above were tagged as developmental research. For instance, in Susono and 
Shimomura (2006), the authors reported on a project using mobile phones and QR code for formative class 
assessment, however it was categorized as descriptive research instead of developmental research as the report 
focused on describing students' perceptions and experience rather than the developmental process. One typical 
example of this research can be seen in Chen and Choi (2010). The researchers designed and developed a history 
learning module which was integrated with a location aware online platform called Visible Past. 

Tab. 2 and Fig. 2 displayed the summary of research methods used in QR code related researches. The finding 
indicated that descriptive research was the dominant type of research method (52.9%), followed by developmental 
research (29.4%) and experimental research (17.6%). The finding was consistent with the prediction by Kunpfer and 
McLellan (1996) about the increasing number of descriptive research studies in educational settings. This was 
probably because the adaptation of QR code in education was still in its infancy and thus researchers were still in the 
stage to understand more about the phenomenon. 


58 


www.mojet.net 













MOJET 


The Malaysian Online Journal of Educational Technology 


Volume 1, Issue 1 


Table 2. Research Methods 


Research Method 


Percentage of Research 
Method (%) 


Count 


Experimental research 

17.6% 

3 

Descriptive research 

52.9% 

9 

Developmental research 

29.4% 

5 

Total 

100.0% 

17 


Percentage of Research Method (%) 


Developmental 

research 


Descriptive research 


Experimental research 



0,0% 20,0% 40,0% 60,0% 


■ Percentage of Research 
Method (%) 


Figure 2. Research Methods 


DATA COLLECTION METHODS 


The categories of data collection used in the current review of past empirical studies including test or quiz, 
questionnaire or survey, interview, observation and content analysis. 


Test of Quiz 

Typical examples of this collection method are the administration of pre-test and post-test for experimental 
research. Pre-test is an instrument to test participants’ prior knowledge before the intervention. In other words, 
participants in both treatment and control group must be compared on a fair ground. Post-test is usually used to evaluate 
participant’s performance after the removal of the intervention. In Ozcelik and Acarturk (2011) pre and post-tests were 
administered to students to evaluate their performance under two approaches of multimedia learning. 

Questionnaire or Survey 

Judd, Smith and Kidder (1991) defined survey as "...simply be interested in documenting the distribution of 
some variables of interest in some population." Likert-scaled items used to collect data about the distribution of 
students' perceived usefulness pertaining an intervention could be a good example. In Tsung, Tan, and Chu (2007) 
questionnaire survey approach was used to evaluate the distribution of perceived easiness, usefulness and attitude of 
students towards a learning system called HELLO. 
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Interview 

Interview means conversation with information (Pratt, 1980). Interview is conducted mainly to collect data 
which is not possible to obtain without face-to-face interaction between researcher and the subjects of the research 
(Guba & Lincoln, 1981). In the current review, two studies were found using this method. Ching-yin Law and Simon 
(2010) used a questionnaire to collect data pertaining to perceived usefulness and interest of participants in Math 
Trail. 


Observation 

Observation is normally used to collect 'non-verbal' data in order to understand more about the state of affairs 
and provide critical thought about the behavior of the informant Mohamad Nor bin Mohamad Taib. (2001). 
Observation is done in order for a researcher to hear, see, observe and feel in particular situation in order to gather 
data. From the literature, four realistic studies were using this method in data collection. In Ching-yin Law and Simon 
(2010), this method was used to understand participants' behavior in the course of the planned activity. 

Content Analysis 

This method is employed by researchers to investigate the behavior of participants by gathered written 
contents through comparison and categorization (Fraenkel & Wallen, 2006). We found a total of seven studies dealing 
with this method of data collection. For example, in Bischoff (2007), time log was used to understand online users' 
behavior in respect to the usage of Pediaphone. 

Result (see Fig. 3 and Tab. 3) showed that questionnaire or survey (37.9%) and content analysis (24.1) were the 
two most common data collection methods. The least common method was interview (6.9%). 


Table 3. Data Collection Methods 


Data Collection Method 


Percentage of Research 
Topic (%) 


Count 


Test / quiz 

38.5% 

15 

Questionnaire / Survey 

28.2% 

11 

Interview 

5.1% 

2 

Observation 

10.3% 

4 

Content Analysis 

17.9% 

7 

Total 

100.0% 

39 
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Percentage of Data Collection Methods (%) 

Content Analysis 

Observation 

Interview 

Questionnaire / Survey 
Test / quiz 

0,0% 10,0% 20,0% 30,0% 40,0% 50,0% 

Figure 3. Data Collection Methods 

RESEARCH TOPICS 



Six research topics were used to categorize the topics research area covered in the previous studies: utility 
profile, viability as an assessment tool, learning outcomes, motivation, instructional approaches and cognitive 
psychology characteristics. 

Usage Profile 

This topic investigate issues such as types of mobile devices owned, subscribed service provider, installation of 
QR code reader, and mobile phone with an integrated camera. Eight studies were found dealt with this topic. For 
instance, percentage of participants that access internet via mobile phone was investigated in Hend S. Al-Khalifa 
(2008). 

Viability as an Assessment Tool 

This refers to the research which examined the usability of mobile handheld devices with associated QR code 
application for various types of assessment. In the current review, Susono and Shimomura (2006), Ching-yin Law and 
Simon (2010), Sedano, Laine, Vinni, and Sutinen ( 2007) and Hend S. Al-Khalifa (2008) dealt with this topic. The types 
of assessment varied from MCQ auto-corrected question to semi-paper-based self-evaluated assessment. 

Learning Outcomes 

This research topic examined the interaction between the use of QR code and students' learning performance. 
We found four studies dealt with this topic. In Ozcelik and Acarturk (2011), learning outcomes (retention, transferable 
skill and matching) were evaluated in relation to two different learning approaches. 

Motivation 

This research topic dealt with students' or teachers' beliefs, attitudes, interest and so forth. We found two 
studies under this topic. In Sedano et al. (2007), interest and motivation of SciMyst participants were investigated by 
using a questionnaire. 

Instructional Approaches 

This type of research refers to various types of learning approaches such as multimedia learning, cooperative 
learning, game-based learning, and etc. A total of 11 studies related to this topic were found. For example, outdoor 
learning and contextual learning approaches were investigated in Tsung, Tan, and Chu (2007). 
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Cognitive Psychology Characteristics 

This topic looks into cognitive related variables such as cognitive load, cognitive style, knowledge 
representation of learners (Shih, Feng, & Tsai, 2008). In the current review, two studies were found related to this 
topic. For instance, in Ozcelik and Acarturk (2011), students' cognitive load in different instructional approaches was 
examined. 

Finding showed that instructional approaches and usage profile were the two most common research topics. 
Lack of research was found in motivation and cognitive psychology characteristics (see Fig. 4 and Tab. 4). 


Table 4. Research Topics 


Research Topics 

Percentage of Research Topic 
(%) 

Count 

Utility Profile 

25.8% 

8 

Viability as an assessment tool 

12.9% 

4 

Learning outcomes 

12.9% 

4 

Motivation 

6.5% 

2 

Instructional approaches 

35.5% 

11 

Cognitive Psychology 
characteristics 

6.5% 

2 

Total 

100.0% 

31 


Percentage of Research Topic (%) 



■ Percentage of Research 
Topic (%) 


Figure 4. Research Topics 
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DISCUSSION AND CONCLUSION 

MAJOR RESULTS 

In this section, the authors summarise and discuss the major findings, and limitations of previous empirical 
studies. Later on, some recommendations for future studies related to the use of QR code in education are provided. 
The major results are: 

1. QR code was mainly used as a speedy and ready access to multimedia contents such as web site, databases, audio 
and video files, question and answer texts and so forth. The frequent use of QR codes in this aspect is expected as 
the code was initially developed to provide quick access to embedded information. Even though the uses of 
mobile handheld devices are widely accepted in education now, its weaknesses such as limited display area and 
ineffective input method have restricted its development. The association of QR code and handhelds offers a 
potential solution due to its capability to embed information such as URL to a targeted website which otherwise 
could be very redundant for a potential user to key in the lengthy URL. 

2. Descriptive research was the most common type of research method used within the setting of this review. Most 
probably this is due to the association of QR code with handheld device in education is still in its infancy; many of 
the researches were still in the stage to explore the usability and feasibility in order for researchers to understand 
more about the happening, dynamism and complexity of this technology. This is evidenced by almost all 
descriptive research reviewed were majority part of a developmental project carried out by the researchers to 
investigate the affordability of this technology. 

3. The most frequent data collection method was questionnaire or survey. Most probably, this is because 
questionnaire or survey method enables the researchers to collect data from a relatively large pool of participants 
easily and quickly. Moreover, the data collected also were easier to process. 

4. Most of the research topics covered in the previous studies involved the adequacy of QR code as an enabler in 
various types of instructional approaches. Instructional approaches covered included experiential learning, 
collaborative learning, discovery learning, science-technology-society approach and so forth. 

LIMITATIONS OF PREVIOUS EMPIRICAL STUDIES 

Our review found several limitations concerning previous empirical research on the use of QR code in 
education. First, most of the previous research (44.8 %) based their findings on respondents' self-report data such as 
questionnaires and interviews. By using questionnaires, respondents may answer superficially especially in a 
prolonged survey. The mistakes of asking too many questions and irrelevant questions should be minimized. 
Moreover, it is not possible for a participant to elaborate on points in the questionnaire as questionnaire is usually 
structuralised with limited options. In addition, questionnaire survey takes place after an event, and participants may 
ignore critical issues. 

Second, most of the research were limited in their duration, varying from a few hours to a semester. Short 
term research is not sufficient to investigate the dynamism and complexity of technology integration in the 
educational setting. One of the limitations of short term studies is bias of the result due to novel effect. 

Third, research topics covered in the previous empirical studies were limited. Research in certain important 
areas in teaching and learning such as cognitive psychology characteristics, learning environment, motivation and 
information processing were still in deficiency. 

RECOMMENDATIONS FOR FUTURE STUDIES 

In the light of all above, the authors suggest that future studies should provide richer and more reliable data so 
that results and findings can be fittingly interpreted by the readers. Second, future study should pay more attention to 
longitudinal research in order to understand more about the long term effects of QR code integration in education. 
Third, research topics such as mental model, cognitive style, interactive learning environment, learning community, 
behavioural change should be attempted. 
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Appendix A. Summary of reviewed studies 
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